Many Geographic Information Systems (GIS) are currently built according to the N-Tier architectural style. Despite the advantages of this style in terms of simplicity for the GIS business domain, it lacks many capabilities related to several key characteristics that might affect reusability and extensibility of GIS systems. Service-oriented architecture (SOA), on the other hand, can better serve the continual changing nature of GIS business requirements by facilitating faster and more reliable implementation of business requirements. This paper analyzes the current state of one of the commonly used GIS applications, namely GRASS, to define a potential road map for re-factoring its architecture to match our proposed SOA style in this paper.
INTRODUCTION
Geographic Information Systems (GIS) are widely used by many users nowadays. With the rapid development of technology, GIS systems are now used as a daily tool by many people. However, most people face a lot of difficulties in designing and implementing GIS systems. Some of these difficulties relate to GIS data, GIS services, GIS system development and interfacing of GIS systems with other applications. GIS introduces some methods and services to visualize, analyze and manipulate GIS data. Different organizations develop their own data model and structure.
Nowadays many GIS systems are used to achieve the goals of their users. Most of the systems follow N-Tier architecture for GIS application development. There are several advantages to N-Tier architecture, the main advantage being that all the business logic is defined once in a business, and the presentation layer uses that logic to represent information. Any changes in one layer can be easily available in all the applications. Despite the advantages of this style in terms of simplicity for the GIS business domain, it lacks many capabilities related to several key characteristics that might affect reusability and extensibility of GIS systems. Also it is more difficult to set up and maintain the physical layers as it results in high communications overheads as well.
SOA is a software engineering methodology for constructing a distributed software system. The SOAbased model can better serve the continual changing nature of GIS business requirements. In this paper we analyze the current state of one of the commonly used open source GIS software programs, GRASS. GRASS is one of the open source tools used for geospatial data management and analysis, maps construction and processing, modelling and visualization of spatial data (GRASS GIS, 2015) . GRASS is used to develop desktop GIS applications. Most of the vendors describe their GIS system from a business perspective. They do not describe the architecture of the system, but only show the functional aspects of the systems to the users.
Here we discuss an SOA-based model and map the services of GRASS onto this model. We will identify the services which are currently not present in GRASS and try to identify those services and fit them into appropriate layers of proposed architecture.
The paper is structured as follows. In section 2, we discuss GIS application architecture in brief. In section 3, we discuss the Service Oriented Architecture of software engineering. Section 4 highlights analysis of GIS application architecture. In section 5 we map the GRASS on Proposed SOAbased Framework. We discuss future research directions and conclude the paper in section 6.
GEOGRAPHIC INFORMATION SYSTEM APPLICATION ARCHITECURE
A Geographic Information System (GIS) is a computer system that has an N-Tier architecture like most other computer information systems (Jankovic and Milidragovic, 2013 The main advantage of this n-tier GIS architecture is that it separates the system functionality into three different layers, and these functions interact only through interfaces. The developer can modify the functionality of any layer with little impact on others. So this architecture provides flexibility, maintainability, reusability, scalability and increased performance. (Luaces, Brisaboa, Paramá and Viqueirs 2005) presents some special functional requirements for GIS applications. For example:
The datatypes required to represent geographic information are different from ordinary datatypes called Special data types. Geographic information have different analysis and visualization procedures. Geographic information is typically large in terms of its hierarchical structure. Geographic information database transactions are much more complex than a transaction of standard relational database. There are two diverse conceptual views of geographic space i.e. field-based model and object-based model.
Some of the examples of GIS systems that follow NTier architecture are as follows:
MapWindow GIS is an open source GIS application and set of programmable mapping components. These components can be reprogrammed to perform different tasks. The MapWindow GIS is built upon Microsoft .NET technology (MapWindow GIS, 2014) . It provides a human interaction layer to build user interfaces, it has some processing functions that can process the data and it also has a data storage mechanism. So the MapWindow application includes standard GIS data visualization features, attribute table editing, shape file editing and data convertors (MapWindow GIS Desktop Overview, 2013) . ArcGIS is used for creating and sharing web maps, and web mapping apps, searching for GIS content in organizations, creating groups, and sharing links to GIS apps, maps, and layer packages (ARCGIS 10.3.1 FOR SERVER, 2015) . ArcGIS provides different types of services like real-time data processing, querying, visualization and editing. SEXTANTE is a spatial data processing framework that is used by Quantum Geographic Information System (QGIS) for analysis. SEXTANTE contains many tools like graphical modeler, command line interface and batch processing interface. It allows the QGIS interface to run a large number of analysis algorithms. (The SEXTANTE framework, 2015) .
SERVICE-ORIENTED ARCHITECTURE
Service-oriented architecture (SOA) is a new development in distributed computing. It allows software components called "services" to interact with each other to complete any task. In serviceoriented application, each activity is implemented as a separate service (Kushwaha, Amundson, Koutsoukos and Neema, 2007) . Many applications can be created from a composition of these services, and the services can also be shared among many applications. Service-oriented architecture (SOA) has become a very popular architecture paradigm for designing and developing a distributed system. According to Bianco et al. (Phil, Rick and Paulo, 2012) , there are many de nitions of a service in SOA but none are universally accepted. A service:
Can be deployed independently. Is used in the network by name or locator instead of absolute network address. Implementation is encapsulated and can only interact through the interface. Can be discovered by user through a directory service.
Is dynamically bound so a user can locate and bind the service at runtime.
In SOA, the services are interact among themselves through a standard language called XML. According to Papazoglou et al. (Papazoglou, 2003) , this architectural approach allows multiple applications running on different technologies to communicate with each other. An SOA service is usually a business function implemented in any language that has a wellde ned interface and is accessed and used by other components. Papazoglou et al. Papazoglou, 2003) state that this feature is inherited from the software engineering concept of modularity, like modules, objects and components. A service is a complete business function that is reused by many other applications. Here we discuss the SOA-based model proposed in a previous work by Alkazemi (Alkazemi, Baz and Grami, 2012) . This framework functions as an integration facilitator for applications. It is composed of six layers. Figure 2 shows the proposed architecture.
The descriptions of these layers are as follows: Data Access Layer: This layer provides the database connectivity service to the application. This layer hides the underlying database from the application. Policy Layer: This layer is responsible for defining the user rights and privileges to access the application. Any application administration can define the privileges and policy of the application by using this service.
ANALYSIS OF GIS APPLICATION ARCHITECTURE
Most GIS applications are built using N-Tier architecture. There are several advantages and disadvantages of N-Tier architecture. We proposed an SOA-based framework in the previous section. There are several advantages of SOA-based systems. Some of them are:
The SOA environment is open and interoperable, as the services are reusable and have standardized components. SOA creates an infrastructure for application development, so an application based on SOA provides users with only the functionality they need (Sahin and Gumusay, 2008) . Data is not stored locally for any processing and is used from various different sources. For this reason the quality of output is increased. A system developed using the SOA approach can be adapted to changing requirements and technologies. Also these systems are easy to maintain and are more consistent (Aydin, 2007) . The services in SOA-based architecture are loosely coupled, which means we can easily change or update any component without making changes to other components. The services in SOA-based architecture are encapsulated so the user can get the services without knowing the internal implementation of the service.
There are numerous characteristics of N-Tier and the SOA model that make them a successful model for an application. In this section we make a comparison between N-Tier and SOA according to the following characteristics: Language/Technology Dependency, Extendibility, Modifiability, Data Exchange, System 
MAPPING OF GRASS ON PROPOSED SOA-BASED FRAMEWORK
In the above section we define the SOA-based framework with different layers. Each layer provides a specific service which helps in developing any GIS application. In this section we discuss how an application can be built in GRASS GIS using the above-mentioned SOA-based framework. We try to map the services provided by GRASS GIS onto each layer of the proposed SOA-based model. Data Access Layer: In GRASS GIS, the function db.connect allows the user to set database connection parameters. Values are stored in the mapset's VAR file (GRASS Database Connection, 2013) . By adding this service to GRASS the user can add, access and retrieve data from any type of database. This layer provides the compatibility services between DBMS and GRASS. Business Layer: GRASS GIS supports lots of business applications. It can provide a service that serves different types of businesses related to archeology, agricultural, geophysics, public health, remote sensing etc. This layer helps in developing a component-based GIS using GRASS. Exposure Layer: To wrap GRASS functionality as a service, one mandatory requirement is to invoke GIS functionality by a programmable interface (e.g. shell scripts or an interface for programming languages). GRASS has a function "-interface-description" for process description. Communication Layer: GRASS uses the Open Geospatial Consortium (OGC) standards and protocols for data sharing and processing (Open Geospatial Consortium, 2015) . (Xueming, Shifeng and Steve, 2004) presented the inter-object and intra-object communication mechanism. When a client object requests a method on a server object, it goes to the Object Request Broker (ORB). The ORB then invokes the method on behalf of the client. The ORB takes care of locating the server object, establishing a connection, invoking the method, getting the result, and closing the communication session.
Orchestration Layer: GRASS is not an SOA-based model so it cannot establish the sequence and dependencies between all the services required by the application. There should be some wrapper that reads all the services of GRASS and establishes the sequence and dependencies of all the services. Policy Layer: "Free software projects are gaining interest even in the proprietary GIS industry due to their stability and the transparent development process" (Open Source GIS, A GRASS GIS Approach, 2007) . GRASS is a desktop-based application and provides access to users according to the policy developed by the system administrator. One of the main advantages to convert GRASS from desktop to web-based service is that GRASS will identify the users from their IP addresses and display the relevant graphs and information for that user.
CONCLUSIONS AND FUTURE WORK
In this paper we highlight the fact that most systems follow N-Tier architecture for GIS application development. Despite the many advantages of N-Tier architecture, there are lot of shortcomings. We introduce the SOA-based framework for GIS application development and discuss how an application can be built in GRASS GIS using the proposed SOA-based framework. We try to map the services provided by GRASS GIS onto each layer of the proposed SOA-based model. The next step in this project is to translate the design of the proposed architecture into a real working system and conduct a number of experimental works to generate results from the proposed system. Also we will develop some other applications from different domains using the proposed SOA architecture.
